1 Supplementary Methods
Calculations of migration barriers using constrained geometry optimisations
The activation barriers for ionic migration were determined using constrained geometry optimisations. The first step taken was the optimisation of the initial and final geometries of the ions along the migration pathway. Subsequently, a linear interpolation of the coordinates of the diffusing ion between the two sites was manually calculated leading to a set of images. Initially 9 images were chosen, not including the initial and final geometries. These geometries were relaxed, under the condition that movement of the migrating ion was constrained in the direction of motion. To prevent the entire structure moving with the ion, a single additional ion, chosen as the closest to the migrating ion, had its movement constrained. The energies of the points along the pathway were then calculated relative to the initial or final geometry.
This method allows for a finer interpolation of points along the pathway to be subsequently applied if the position or energy of the activation barrier is not evident. This was implemented for the Mg ion diffusing in the dilute limit (Mg 0.03 TiO 2 ), where clarification of the activation barrier, and precise point at which the Mg ion moved between 5 and 6 fold coordination was required after the first set of 9 images and energies were calculated.
Spin-polarised vs. closed shell calculations
The results presented in the paper are from spin polarised calculations, under the approximation that the spins of the d 1 electrons on each Ti 3+ ion are aligned in a ferromagnetic ordering. Whilst this is a reasonable approximation under the conditions of dilute Mg in TiO 2 , this is not necessarily the case at high concentrations of Mg, where the system is expected to become metallic. Representing such metal-insulator transitions is a well-known limitation of DFT; the transition between localised and itinerant electrons for semiconducting metal-oxide systems upon intercalation is challenging to determine and is not well described by any functional. 1 Pure DFT (LDA/GGA) functionals describe metallic states well, but the self-interaction error means that electron localisation is poorly described. Hybrid-exchange functionals describe electron localisation well due to their orbitaldependent cancellation of the self-interaction error, but do not describe metallic behaviour well.
Due to this consideration, we have also examined the structural and energetic properties of the Mg 0.5 TiO 2 phases using closed-shell calculations to describe the metallic state. The structural and energetics of the phases from these calculations are reported in Table S4 . We find that the same tetragonal to orthorhombic distortions occurs for the metallic state, and the Mg 0.5 TiO 2 phase illustrated in Figure 7b (Main text) is the lowest energy, as is the case for the ferromagnetic calculations.
The local geometry of the Mg ions in this closed-shell calculated structure is indicated in Figure   S16 , and the geometry for each Mg ion is similar to that of the ferromagnetic structure (Main text Due to the similarities between the results in the spin-polarised and closed shell calculations, we conclude that the structural distortions occur predominantly as a result of the steric and electrostatic effect of Mg insertion, rather than of electronic localisation. This has also been suggested as the driving force for distortions in the Li x TiO 2 system. 2 For this reason, we expect the results for the spin-polarised calculations to give a reliable representation of the behaviour of the system (most importantly the determination of activation barriers) at high concentrations of Mg. The results in the main paper therefore all refer to spin-polarised calculations for consistency.
Supplementary Results
2.1 Structural and electronic properties of anatase and Mg at dilute concentrations in the lattice. The electronic density of states are show in Figure S1 . 
O (6) Figure S2 : Geometry of Ti 3+ ions. Figure S2 shows the geometry of two reduced (1). The electron localised on this ion is in the d xz orbital, which again is the t 2g level pointing towards the Mg ion. The spin density isosurfaces are shown in Fig. S4 . Table S3 .
2.4 Structural properties of Mg 0.5 TiO 2 configurations. Figure 7 (Main text). Values in brackets give the change compared to the calculated lattice parameters of TiO 2 . ion is also pushed slightly towards its initial position along the migration pathway, and thus forms two short and two long equatorial bonds.
2.5 Structural properties of Mg 0.5 TiO 2 phases calculated using a closed-shell configuration.
In this section we give a summary of the results obtained using closed shell calculations for the Mg 0.5 TiO 2 configurations. Table S4 summarises the structural properties of each configuration. Fig. S16 shows the coordination of Mg ions in the most stable phase of Mg 0.5 TiO 2 , and S17 shows the relationship between orthorhombic distortion and relative energy of the configurations. 
